An epidemiological study on dicrocoeliosis caused by Dicrocoelium dendriticum was carried out on sheep, molluscs and ants in the mountains of Leo! n province (NW Spain) between 1987-1991. The results concerning the intermediate hosts and a review of some aspects of dicrocoeliosis are summarized. Mollusc collection for the helminthological study was random throughout the study area at fortnightly intervals. Twenty-nine Gastropoda species were identified. D. dendriticum infection was only detected in 2n98 % of the 2084 Helicella itala examined and in 1n06 % of 852 H. corderoi. The highest infection prevalence was detected in H. itala in September and in H. corderoi in February. Daughter sporocysts with welldeveloped cercariae predominated in spring and autumn. Infection prevalence increased with mollusc age and size. Ants were collected from anthills or plants to which they were attached. The behaviour of ants in tetania was followed. Twentyone Formicidae species were identified, but only the following harboured D. dendriticum : Formica cunicularia (1158 examined specimens, 0n69 % infection prevalence, 2-56 metacercariae per ant) ; F. sanguinea (234, 1n28 %, 2-63) ; F. nigricans (1770, 4n97 %, 1-186) ; F. rufibarbis (288, 6n59 %, 2-107). In a flat area close to Leo! n town, 95n39 % of the 2085 F. rufibarbis specimens collected in tetania contained metacercariae (1-240) in the abdomen. These were used for parasite characterization by isoelectric focusing and to infect lambs and hamsters. Only one brainworm per ant was found.
Sudarikov et Ryjikov, 1951) . D. dendriticum is found in America, Asia, North Africa and Europe (Malek, 1980) including practically all of the Iberian Peninsula (Cordero et al. 1994) . The second, the third and the fourth species have been found in Africa (Lucius, 1981) , Asia (Tang et al. 1983 ) and the old Soviet Union and Austria (Hinaidy, 1983) , respectively.
This paper mainly concerns dicrocoeliosis produced by D. dendriticum as it is the most widespread amongst the ruminants of several countries. For a long time this parasite was confused with an immature form of Fasciola hepatica, as both trematodes are frequently found together in the liver of ruminants. Its description thus came late. The synonymy of this parasite is complex, due to the different generic and specific denominations received (Mapes, 1951 ; Schuster, 1987) .
Dicrocoeliosis causes irritation of the mucosa of the large bile ducts in definitive hosts. This explains the proliferation and increase in the secretion of the glandular cells as well as cholangitis and cholangiectasis of the septal and hepatic bile ducts, granulomatous type portal hepatitis associated with portal, septal and perisinusoidal fibrosis and vacuolar degeneration of the hepatocytes (Dhar & Singh,3000 D. dendriticum metacercariae showed that the first egg elimination took place between days 49 and 79 post-infection (Campo, Manga-Gonza! lez & Gonza! lez-Lanza, 2000) , while the first detection of IgG antibodies by ELISA technique was observed on day 30 p.i. Maximum antibody levels were obtained 60 days p.i. and remained high until the experiment ended 180 day p.i. (Gonza! lez-Lanza et al. 2000) . Moreover the studies of the liver and hepatic lymph nodes (from the lambs slaughtered 2 months p.i.) immunolabelled by avidin-biotin complex system showed that the parasite induced a humoral and cell-mediated local immune response that contributed to the inflammation observed but did not seem effective for the destruction of the parasite (Ferreras et al. 2000) .
The economic and health significance of dicrocoeliosis is partly due to the direct losses occasioned by the confiscation of altered livers (Del Rio, 1967 ; Lukin, 1980 ; Karanfilovski, 1983) and also the indirect ones caused by the digestive disorders derived from the hepatobiliary alterations caused by these parasites, such as decreased animal weight (Boray, 1985) , growth delay (Hohorst & La$ mmler, 1962) , reduced milk production (Cavani et al. 1982) , amongst others. Moreover, the additional costs incurred by the application of anthelminthic treatments, to which the animals must be subjected, have to be considered.
The life cycle of Dicrocoelium dendriticum is extremely complex because land molluscs and ants are required as first and second intermediate hosts, respectively. Until Krull & Mapes (1952 , 1953 managed to complete the life cycle for the first time, numerous studies were carried out over more than a century to try elucidate it (reviewed by Mapes, 1951 and Del Rı! o, 1967) . The adults of the genus D. dendriticum live in the liver and bile ducts of the definitive hosts where they lay their embryonated eggs which pass through the intestine to be eliminated in the faeces. Egg hatching and miracidium liberation only occur in the intestine of numerous species of land molluscs that act as first intermediate hosts. The miracidium penetrates the intestinal wall of the mollusc and settles in the hepatopancreas, where it becomes a mother sporocyst, which takes the shape of the spaces between hepatopancreatic lobules because it has no wall itself. This larval stage produces sacciform daughter sporocysts with their own wall in which cercariae are formed when they are well developed. These abandon the sporocysts when they are mature and migrate to the respiratory chamber of the mollusc where they are covered in slime. The slimeballs are eliminated through the pneumostoma by the respiratory movements of the snail. When these slimeballs are ingested by different species of ants, which act as second intermediate hosts, the cercariae cross the craw of the ants, lose their tail and one of them (sometimes 2 or 3), called the '' brainworm '', settles in the suboesophageal ganglion of the ant and the rest become metacercariae in the abdomen. When the temperature falls, the brainworm alters the behaviour of the ant by causing tetania of its mandibular muscles. Due to this the ant remains temporarily attached to grass and this promotes ingestion by the definitive host. The mature abdominal metacercariae excyst in the intestine, the young flukes migrate to the liver through the opening of the common bile duct (sometimes the portal circulation) and become adult worms in the bile duct. When these are mature, they lay eggs which exit in the faeces of the host and this allows the life cycle to begin again. A more detailed description of the adult worm and of the different stages of the parasite can be found in Manga-Gonza! lez (1999) and in Manga-Gonza! lez & Quiroz-Romero (1999) .
The role played by molluscs in the epidemiology of dicrocoeliosis is very important as D. dendriticum egg hatching and miracidium liberation only occur in the intestine of the molluscs that act as intermediate hosts. Moreover, the parasite multiplies enormously by asexual reproduction inside them (numerous cercariae can be formed from one ingested egg). This increases the possibilities of parasite transmission. Since Piana (1882) first encountered the long-tailed cercaria in Helix carthusiana (l Monacha (M.) cartusiana), which was later described by Von Linstow (1887) as Cercaria vitrina (from Zebrina detrita) and associated with Dicrocoelium dendriticum, many studies have been carried out to discover the mollusc species which act as first intermediate hosts for this parasite. More than 100 mollusc species (Gastropoda, Pulmonata, Stylommatophora) have been found receptive to D. dendriticum under natural and laboratory conditions (some of them are mentioned in the Discussion below). It can be deduced from this that D. dendriticum shows markedly little specificity as regards its first intermediate host. In addition the parasite can develop in various mollusc species in the same area : Manga-Gonza! lez (1987, 1992) found 11 species of Helicidae infected with the parasite in the province of Leo! n (Spain). The life history of the mollusc intermediate hosts is of great epidemiological interest, as regards both the ingestion periods of D. dendriticum eggs, dependent on the molluscs ' activity, and the survival of the parasite in them. Species, age and nutritional state of the molluscs, infective dose, ambient temperature and relative humidity, amongst other aspects, all influence the development of larval stages of this digenean in the first intermediate hosts. Go! mez et al. (1996) observed a higher infection percentage and faster development of D. dendriticum in Cernuella (Xeromagna) cespitum arigonis than in Cernuella (Cernuella) virgata, although both species had been tested at the same time with identical doses of eggs and kept in the same conditions (20 mC and 40 % relative humidity).
The importance of ants in the epidemiology of dicrocoeliosis is mainly due to their abundance, wide distribution and the fact that the alteration in their behaviour, caused by the presence of the parasite in the brain, make their ingestion by definitive hosts easy when the infected ones are in tetania on plants. Since Krull & Mapes (1952) showed that an ant (Formica fusca) acted as second intermediate host of D. dendriticum, various authors have endeavoured to discover the species of ants which act as secondary intermediate hosts for D. dendriticum in nature and under experimental conditions, the prevalence and intensity of the infection, the behaviour of infected ants and the risk period for infection of the definitive hosts, amongst other aspects. At least 21 Formicidae species mainly from Formica genus have been described as receptive to this parasite in different countries. Some of these species are mentioned in the Discussion section.
Tegelstro$ m, Nilsson & Wyoni (1983) used isoelectric focusing to study the proteins of the ant species Formica rufa, F. polyctena and F. pratensis, in head and thorax homogenate. These authors detected the presence of about 68 bands of general proteins and 18 of non-specific esterases among the three ant species. However, according to our information, no studies using isoelectric focusing on thin-layer polyacrylamide gel techniques have been carried out to characterize the larval stages of D. dendriticum and their detection in ants, although they have been done for the larval stages found in the molluscs (Campo et al. 1992 , and other unpublished information) and for the adult parasite (Campo et al. 1998) .
The application of efficacious dicrocoeliosis control measures, which have not been satisfactory so far (Eckert & Hertzberg, 1994) , requires good diagnosis and knowledge of the epidemiology of the disease. Nevertheless, integrated studies of the D. dendriticum transmission process are scarce -possibly due to the long length of its life cycle and its great complexity. So, as a basis for the design of strategic effective control programmes, we decided to throw light on the epidemiological model in an area in the mountains of Leo! n province (Spain) where we had previously detected the maximum infection prevalence in randomly sampled sheep (73n7 %) and the highest values of the maximum (5340) and mean (398n8p5) numbers of eggs per gram (Manga-Gonza! lez, Gonza! lez-Lanza & DelPozo, 1991) . It is necessary to take into account that the epidemiology of this parasitosis is influenced by local conditions such as : existence of definitive hosts (domestic or wild) receptive to the parasite, farming model, animal handling, presence, biology and ethology of the molluscs and ants which act as first and second intermediate hosts, meteorological factors, soil type and vegetation. Simultaneous studies on definitive and intermediate D. dendriticum hosts were carried out in order to discover the shedding kinetic of eggs per marked sheep, the mollusc and ant species acting as intermediate hosts and various aspects of their life history, the dynamics of their infection and degree of development of the larval stages they harbour, the transmission period to the definitive hosts via detection in the field of ants with infective metacercariae, and the influence of the biotic and abiotic factors on the dynamic of the mollusc and ant populations on the degree of development of the larval stages and on the infection rate of the definitive and intermediate hosts. This paper reports on the data relative to the molluscs, ants and their infection by D. dendriticum.
In addition, results relating to the prevalence and intensity of D. dendriticum metacercariae in Formica rufibarbis Fabricius, 1794 (Formicidae) collected in tetania from around the town of Leo! n (Spain) are included. This was in order to obtain metacercariae to carry out the morphological and isoenzymatic study and experimentally infect lambs and hamsters in order to study different aspects of experimental dicrocoeliosis.
  

Molluscs
The study was carried out over two consecutive years from June, 1987 to May, 1989 in the valley of Redipollos (U.T.M. co-ordinates : 30TUN1663 ; altitude 1100 to 1400 m), situated in the upper basin of the Porma in the province of Leo! n (NW Spain), in an area measuring 560 hectares used as pasture by a communal flock of 120 sheep. The climate is continental within the Mediterranean-Atlantic transition. Before beginning sampling, a survey was done in the area which allowed us to distinguish the following habitats and their extension ( %) : pasture on limestone (46 %), limestone wall (19 %), pasture on acid soil (1 %), pasture-Genista hispanica complex (22 %) and Arctostaphylus uva-ursi areas (13 %) where the botanical composition was studied. Three zones were established in the valley according to the movement of the sheep flock throughout the year : Zone A, known as '' Pen4 a El Castillo '', situated to the west of Redipollos, with slopes facing the 4 compass points and used by the flock between December and April ; Zone B, a slope to the south close to the village, facing north-west and used as pasture throughout the year ; Zone C, a slope to the east quite far away from the village, facing north and used by the flock between April and December. The area covered by the different habitats in the whole study area and in the three separate zones was estimated using a planimeter.
Collections to discover the existing mollusc species, their distribution and various aspects of their biology and ecology were carried out on three plot types, in different zones, habitats and orientations of the Redipollos valley. The number and the size of the plots were : ten 4i4 m, forty-two 1i1 m, one hundred and one 0n5i0n5 m. Biotic and abiotic variables were checked in each plot at monthly intervals. These results have not yet been published. Snail collection for the helminthological study was carried out at random over the area at fortnightly intervals. A distance of 10 m from the plots established for the mollusc population dynamic study was respected. The monthly values of environmental temperature and precipitation came from the two nearest stations and were supplied by the staff of the Duero basin Meteorological Service (Valladolid, Spain). The average environmental temperatures and precipitation in the different months were : 1n5 mC, 190n9 mm in January ; 1n7 mC, 111n8 mm in February ; 3n4 mC, 81 mm in March ; 3n3 mC, 203n4 mm in April ; 9n2 mC, 120n7 mm in May ; 11 mC, 89n8 mm in June ; 14n3 mC, 94n2 mm in July ; 13n9 mC, 38n4 mm in August ; 11 mC, 67n6 mm in September ; 8n1 mC, 262n5 mm in October ; 4n7 mC, 117 mm in November ; and 1n9 mC, 108 mm in December. The live molluscs were taken to the laboratory and the different species were identified, the specimens were measured and their degree of maturity noted. Material fixation and later examination of the molluscs were done as specified by Manga-Gonza! lez (1983) . The determination of the mollusc species was carried out primarily based on conchological and anatomical traits, mainly of the different genital apparatus structures. The publications of Riedel (1972) , Kerney, Cameron & Jungbluth (1983) , MangaGonza! lez (1983) , Castillejo (1998 ), Wiktor (2000 , amongst others, were consulted. The helminthological study was done according to Manga-Gonza! lez (1987) . The molluscs were anaesthetised and dissected in order to detect D. dendriticum daughter sporocysts in the hepatopancreas using a stereomicroscope and to study their degree of development using an optical microscope. Infection intensity was semi-quantitatively estimated on the basis of the lesser or greater extent to which the hepatopancreas was invaded by sporocysts. The length and width of all the sporocysts up to 100 extracted complete from each mollusc were measured under the microscope and, if the number was higher, 10 % of the rest were also measured. The developmental stage of these sporocysts was studied for each of the infected molluscs in vivo. Determination of parasite species was carried out by means of morphoanatomical, chaetotaxic and isoelectric focusing studies and also by comparing the larval stages with those obtained by experimental infection. In order to discover the possible influence of the collection month of the molluscs studied, their age (established according to the development degree of the genitalia and several shell characteristics), zone and habitat from which they came, on the infection prevalence by D. dendriticum, the data were analysed using the χ# test and the 2i2 contingency tables.
Ants
Three types of sampling were carried out to collect ants in the mountain area of Redipollos, which has already been described for the mollusc study. The first consisted of introducing a 2n5 cm diameter by 9 cm long polyurethane tube, in duplicate at ground level, into 40 of the 101 plots measuring 0n5i0n5 m established to study the mollusc populations. This type of sampling was only carried out on two occasions (October and November, 1988) due to the unsatisfactory results obtained. These tubes, filled with a mixture of formol at 4 parts per thousand and glycerine, acted as traps for the insects which fell into them and were removed after 8 days. The second type of sampling was carried out at the same time as the collection of molluscs for the helminthological study. A large number of ants was collected directly from 53 anthills found in the different habitats, 23 in zone A, 16 in zone B and 14 in zone C. The third type of sampling was carried out by individually collecting ants which were in tetania in the area surrounding the anthills. In addition, for several days various F. pratensis anthills were controlled in zone C to detect ants in tetania and record their behaviour. The number of ants in tetania, the type of plants used to support them, the position of the ants, the geographical orientation, the hours spent in tetania and the times when they started activity, as well as the temperature and relative humidity at ground level at those times were all recorded in this study.
For the studies on experimental dicrocoeliosis in lambs and hamsters and for the enzymatic characterization of D. dendriticum metacercariae, between 1992 and 1998 ants of the F. rufibarbis species in tetania were collected from 9 sites in the flat area near the town of Leo! n (Spain). They were situated in the lower basin of the rivers : Porma (Mellanzos, San Cipriano del Condado and Valdelafuente), Torio (Navatejera) and Bernesga (Grulleros and Villa de Soto), as well as the banks of the river Esla (Villafale! , Palanquinos and Valencia de Don Juan) near where it joins these tributaries. These sites, at altitudes of between 763 and 903 m, were chosen because D. dendriticum infection of molluscs and sheep had previously been detected there. Ants were collected from May to October, mainly in the early hours of the morning and sometimes in the afternoons. The collection time, ambient temperature and relative humidity at ground level, general weather conditions and type of plant were also noted down at the time of collection. The ants collected live were transferred to the laboratory in appropriately labelled polyethylene flasks. They were then kept in artificial anthills until their dissection in the following days. Only a small number of F. rufibarbis specimens collected in tetania were kept alive until they died a natural death in order to obtain information on survival.
The ants collected in Redipollos from different plots and in different samplings were anaesthetised and measured. Dissection was under the stereomicroscope examining the head, thorax and abdomen separately in Petri dishes containing a saline solution (154 mM NaCl). The D. dendriticum brainworm and metacercariae found in each ant were extracted and counted. A sample of them was studied ' in vivo ' under the optical microscope. The rest of the material was kept in 70 % alcohol.
The helminthological study of the 2085 F. rufibarbis ants collected in tetania in the flat area was done in the same way. Most metacercariae obtained were used to infect lambs and hamsters. The rest of the metacercariae and ants were placed in liquid nitrogen to carry out later isoenzymatic analyses, or in 70 % alcohol to carry out morphological studies. In 25 encysted metacercariae extracted from the abdomen the maximum body width and length and the thickness of the cyst wall were measured using an ocular micrometer connected to an optical microscope. In addition, the same measurements were made (except that of the thickness of the cyst wall) of 25 metacercariae excysted in distilled water and then fixed in 70 % alcohol.
In order to characterize D. dendriticum metacercariae, isoelectric focusing in thin-layer polyacrylamide gel technique was used, as described in Campo et al. (1998) for D. dendriticum adults. A total of 1608 metacercariae, distributed among samples consisting of 15-185 metacercariae each -all from the abdomen of the same ant -were analysed. The activity of the following enzymes was studied : lactate dehydrogenase (LDH, EC 1.1.1. 27), glucose phosphate isomerase (GPI, EC 5.3.1.9), phosphoglucomutase (PGM, EC 2.7.5.1) and acid phosphatase (AcP, EC 3.1.3.2), in 1608, 924, 1458 and 1608 metacercariae, respectively, extracted from 33 F. rufibarbis ants from 4 sites in the flat area : 13 from Grulleros, 11 from San Cipriano del Condado, 8 from Villafale! and 1 from Valencia de Don Juan. All the enzymatic activity bands observed were considered to interpret the results obtained, but they were differentiated as strong bands (S), weak bands (W) and very weak bands (V W).

Molluscs
Twenty-six species of Gastropoda were found, most of them on pasture on limestone, but infection by D. dendriticum was only detected in Helicella (H.) itala and H. corderoi (Table 1, Fig. 1 ). Both species, which were the most abundant, also hosted larval stages of Brachylaimidae spp. (Digenea) and Protostrongylidae spp. (Nematoda), although this paper only includes infection by D. dendriticum.
Helicella itala. The abundance of this species was greater in spring, fell in summer and increased again in autumn, although it was still lower than in spring. The young (very young and young) specimens were more abundant in spring whilst the adults were more so in autumn. A more variable situation was observed on considering the data for each zone and habitat in detail. The highest abundance of H. itala was detected in zone B, followed by zone A and in the pasture on limestone habitat. A large number of very young H. itala was observed in zone C in April and May. Specimens of this species were mainly found in pasture areas in spring and sheltering between soil and rock in moss and other plants, principally the Genista hispanica shrub and Eringium campestre thistle, in summer. In autumn a high percentage of specimens were again found on pastureland. Active molluscs were recorded in spring, September and October and molluscs withdrawn into their shells, but without an epiphragm, in every month of the year. Molluscs with an epiphragm were observed, mainly in summer and winter.
D. dendriticum daughter sporocysts were harboured in the hepatopancreas by 2n98 % of a total 2084 specimens of H. itala examined ( Table 1) . As can be seen in Fig. 2 infection was recorded in every month except February. The sampling of February 1989 could not be done because of the bad meteorological conditions (20 days of snow and 12 of frost during the month). The highest prevalence was observed in September. By means of the chi-square test, statistically significant differences were observed among the sampling months with regard to infection prevalence (χ# l 21n903 ; P 0n05 ; g.l. l 11).
Infection prevalence increased with their age and shell diameter (Table 2) . Statistically significant differences in the infection prevalence between age groups were observed on using χ# analysis (χ# l 31n143 ; P 0n005 ; g.l. l 2). On applying the 2i2 contingency tables statistically significant differences were detected between the young and intermediate, young and adults, intermediate and adults. The highest infection prevalence was detected in the young molluscs in September (7n69 %) and in the adults in May (30n43 %).
The examined molluscs from different zones and habitats and their prevalence of infection are summarized in Table 3 . By means of χ# analysis statistically significant differences were observed in the infection prevalence between the pasture on S Fig. 2 . Infection prevalence of Helicella itala and Helicella corderoi by D. dendriticum throughout the sampling period (June, 1987 -May, 1989 : the data for each month in the 2 years are shown jointly). limestone and pasture-Genista hispanica complex habitats belonging to each zone (χ# l 18n292 ; P 0n005 ; g.l. l 4). On applying the 2i2 contingency tables statistically significant differences were detected between the pasture A-pasture B ; pasture A-Genista C ; pasture B-Genista B ; pasture B-pasture C ; Genista B-Genista C habitats.
The very reduced and concentrated infection at one or various points of the hepatopancreas corresponded to the presence of daughter sporocysts containing barely evolved germinal masses (Fig. 3) , whilst sporocysts with well-developed cercariae were mainly observed in the infection spread throughout the hepatopancreas, even invading other organs (Figs. 4, 5, 6) . However, some molluscs were found with the parasite at different development stages at the same time. The time when the different de- velopment degrees of the D. dendriticum sporocysts were found in the whole study area and the age of the molluscs which harboured them are summarized in Fig. 7 . The highest percentage of molluscs containing well-developed cercariae was detected in May and October and that of the one harbouring germinal mass in September. According to the measurements corresponding to the 1000 daughter sporocysts studied at different stages of development, the length varied between 560 µm (in a sporocyst with undifferentiated germinal mass) and 4 160 µm (in a sporocyst with developed cercariae) (x. l 1 986p0n0084 SE) and the width between 150 and 501 µm (x. l 246p0n008).
Helicella corderoi. Specimens of this species were collected through the year but the abundance was, in general, greater at the end of autumn and in winter. Adult specimens were clearly predominant in September and November and young ones in May and October. H. corderoi was always more abundant in the pasture on the limestone habitat, and predominantly in Zone C in September and October, in Zone B in November and December and in Zone A during the rest of the year. Active specimens were found in October, March and April. Molluscs withdrawn into their shells but without an epiphragm were observed in all the months of the year and those with an epiphragm predominated in summer. H. corderoi showed a preference for pasture, except in summer, when it chose the soil-rock transition area ; in October it left this location to be on limestone and bare soil, seeking out pasture again when the bad weather started.
D. dendriticum daughter sporocysts were found in the hepatopancreas of 1n06 % of the 852 H. corderoi specimens examined (Table 1) . On considering the whole sampling period, infection was only detected in six months and the highest prevalence was observed in February although a few specimens were examined (Fig. 2) .
Prevalence increased with age and shell diameter (Table 2) . Only one young H. corderoi was seen infected in February. The greatest infection prevalence was detected in the adults in March. Although specimens from the three study zones and the different habitats were examined, infected molluscs were only found from zone A and from pasture on limestone habitats.
The only young H. corderoi found infected contained daughter sporocysts with germinal masses, concentrated at one point of the hepatopancreas. Most of the infected adults contained daughter sporocysts with cercariae migrating to different parts of the hepatopancreas. Nevertheless, in one of them collected in May sporocysts with well-developed cercariae invaded all the hepatopancreas and the genital apparatus. Taking into account the measurements carried out on 500 daughter D. dendriticum sporocysts, at different stages of development, the length varied between 200 and 1 540 µm (x. l 833p 0n246 SE), and the width between 20 and 170 µm (x. l 86p0n026).
Ants
In the mountain area. The results obtained with tubes placed in the earth were unsatisfactory because both the number of ant species captured and the specimens collected from each was very small. We used 160 traps and ants were only found in 29 of the 80 placed in October, 1988, belonging to the species Formica sanguinea, F. cunicularia and F. pratensis. The maximum number of ants per trap was 12 (x. l 2n59).
In the second sampling type the ants were taken directly from 53 anthills : 23 in zone A, 16 in zone B and 14 in zone C. In this way 24 ant species, all belonging to the family Formicidae were collected (Table 4) . These species are grouped by subfamilies according to Collingwood (1978) . The helminthological study was carried out on 5993 of the 6555 specimens gathered. As a result we found D. dendriticum metacercariae in ants collected between April and November from 14 anthills : 2 Formica cunicularia and 3 F. pratensis in zone A ; 2 F. rufibarbis in zone B ; 3 F. sanguinea and 4 F. pratensis in zone C.
The third sampling type allowed us to detect infected ants in tetania in the surroundings of 29 nests : 2 F. pratensis and 9 F. rufibarbis (Fig. 8) between 1 and 9 (average 5). The most frequently occurring position for these workers was head down and on plants in the south-eastern part of the anthill. The behaviour of infected F. pratensis ants in relation to time and ambient temperature at ground level around some of the anthills examined in zone C is shown in Fig. 9 . Fifty-five of these ants were helminthologically examined.
The F. cunicularia, F. pratensis, F. rufibarbis and F. sanguinea infection prevalence and intensity by D. dendriticum metacercariae are included in Tables 4  and 5 , respectively. In addition, on dissecting various specimens, only one brainworm of the parasite per ant was observed in the suboesophageal ganglion, which was not encysted (Fig. 10) . We observed the scars produced by the cercariae on crossing the craw in their flight towards the head, but we did not do a recount.
In the flat area. In the flat area sites close to the town of Leo! n active Formica rufibarbis ants were observed between March and November and in tetania from May to October. The ambient temperature (at ground level) at the time of collection, carried out between May and September, oscillated between 16 and 28 mC and the relative humidity from 64 to 77 %. The ants in tetania were found attached to plants of the species Lotus corniculatus, Plantago lanceolata, Taraxacum dens-leonis, Trifolium pratense and Medicago sativa, although mainly in the last one. We managed to collect several dozen ants in tetania from one single M. sativa plant, usually attached to the flowers, up to 8 or 10 specimens per flower. It was not necessary to locate the nests of F. rufibarbis, which are barely visible, to find the ants infected with D. dendriticum attached to the plants. Some of the ants collected in tetania survived in the artificial nests in the laboratory for 6n5 months (from the end of August, 1992 to the middle of March, 1993) .
A total of 2085 specimens of F. rufibarbis were examined (length 4n2-5n7 mm; x. l 4n95p0n10) and metacercariae were found in the abdomen (Figs. 11,  12 ) of 95n39 % of these specimens (Table 4 ). The origin of the ants and the infection percentages were : 1584 (95n26 % infected) from Villafale! , 369 (96n20 %) from Grulleros, 28 (96n42 %) from Valencia de Don Juan, 27 (100 %) from San Cipriano del Condado, 27 (100 %) from Navatejera, 21 (90n47 %) from Mellanzos, 13 (92n30 %) from Villa de Soto, 13 (84n61 %) from Valdelafuente, 3 (66n66 %) from Palanquinos. The number of metacercariae per ant abdomen (Table 5) , similar every month, varied between 48n31p2n19 in June and 59n77p1n50 in August. The size of these encysted metacercariae is shown in Table 6 . The length of metacercariae excysted in distilled water was 412n80-624 µm (x. l 510n33p9n36) and the width from 115n20 to 201n60 µm (x. l 161n66p4n40).
Metacercaria isoenzymatic determination.
To interpret the results obtained by using isoelectric focusing, of D. dendriticum metacercariae from F. rufibarbis, strong (S), weak (W) and very weak (V W) enzymatic activity bands were considered.
The LDH activity in the 1608 D. dendriticum metacercariae analysed was observed in the pH range On studying the GPI activity 4 enzymatic types were found in 924 D. dendriticum metacercariae : GPI-1 (6n27, V W ; 6n43, V W ; 6n54, S ; 6n69, W ; 6n80, V W; 6n83, V W ), GPI-2 (6n27, V W ; 6n43, V W ; 6n54, S ; 6n72, S ; 6n80 S), GPI-3 (6n54, S ; 6n72, V W ; 6n80, V W ) and GPI-4 (6n54, W ; 6n72, W ; 6n80, W). The activity bands were in a pH range between 6n27 and 6n83.
The PGM activity on analysing 1458 D. dendriticum metacercariae was detected in a pH range 6n20 -6n60. Two enzymatic models were observed : PGM-1 (6n20, V W ; 6n60, S) and PGM-2 (6n20, S ; 6n40, S) On examining 1608 D. dendriticum metacercariae AcP activity was detected between pH 5n86-5n92. Although the bands observed are diffuse, 4 enzymatic models could be identified : AcP-1 (5n86, V W;5n91, S ; 5n92, S), AcP-2 (5n92, S), AcP-3 (5n91, V W; 5n92, V W ) and AcP-4 (5n91, S).
In the enzymatic systems studied different models were generally observed in metacercariae extracted from the same ant, from ants originating from different locations and, sometimes, from those collected in the same place.

Molluscs
According to our results (Table 1 ), H. itala and H. corderoi are the species responsible for D. dendriticum transmission in the study area. Nevertheless, the importance of H. itala in dicrocoeliosis epidemiology is greater for being more widely distributed and more abundant, not only in the study area but also in the whole of Leo! n province, northern Spain and west and central Europe, while H. corderoi is an endemic species in the mountain area of Leo! n province. Moreover the size of H. itala specimens is bigger so they could harbour more parasites. The description of both species and different data on their distribution, biology and ecology are recorded in Manga-Gonza! lez (1983) .
From our observations it seems that H. itala and H. corderoi abundance is conditioned by the existence of appropriate temperature and relative humidity values, as occurs in spring and autumn, although temperature is a more limiting factor than humidity during the rest of the year. The temperature-humidity binomial has a great influence on mollusc abundance for most authors (Staikou, Lazaridou-Dimitriadou & Kattoulas, 1989, amongst others).
Our results concerning the highest abundance of H. itala adults in autumn and young ones in spring coincides with the observations of Manga-Gonza! lez (1983, 1987) and Schuster (1993) in H. itala and H. obvia, respectively. Although it is difficult to establish a H. corderoi development pattern with the results we obtained, the predominance of adult specimens in November coincides with the observations of Manga-Gonza! lez (1983) for this species in the upper Torio basin (Leo! n province, Spain). Ortiz de Za! rate (1950) stated that Helicella species are annual and generally do not develop completely until autumn.
Locomotor activity in land pulmonates depends on various external environmental factors, such as light intensity, relative humidity, temperature, soil moisture and time of day. Moreover, endogenous circadian rhythmicity in locomotor activity has been demonstrated (Riddle, 1983) . From our results it seems that H. itala and H. corderoi activity is influenced by temperature and relative humidity at the same time, and the formation of the epiphragm in H. corderoi is mainly conditioned by high temperatures and low precipitation, whilst low temperatures also have an influence in the case of H. itala. Bonavita (1961) stated that the formation of an epiphragm is due to a combination of different environmental temperature and relative humidity values. The presence of this temporary structure, observed by us mainly in winter and summer in H. itala and in summer in H. corderoi, is important for the epidemiology of dicrocoeliosis as it means that the molluscs do not eat the parasite eggs. Nevertheless, active molluscs or those withdrawn into their shells but without an epiphragm, were detected in every month of the year.
Specimens of H. itala were mainly found in pasture areas in spring and sheltering between soil and rock in moss and other plants, principally the Genista hispanica shrub and Eryngium campestre thistle, in summer. The preference of H. itala for Eryngium campestre in summer was also mentioned by Engel (1957) . In autumn a high percentage of specimens was again found on pastureland. Wolda, Zweep & Schuitema (1971) stated this could indicate the beginning of the search for a place to hibernate, as grazing land provides favourable sheltering areas in winter ; Schuster (1993) also recorded this migration. Riddle (1983) mentioned that the slugs and some land snails occupy fairly protected habitats in which daily and seasonal extremes in air temperature are largely avoided.
When we compared the percentage of infection by D. dendriticum obtained by us in H. itala (2n98 %) and in H. corderoi (1n06 %) with those given by other authors in different species of molluscs and countries (Table 7) , great variability could be observed. If we focus only on H. itala our percentage was lower than those obtained by Del Rio (1967 ), Tarry (1969 and Manga-Gonza! lez (1987 and higher than those given by Rozman, Jonlija & Mustapic (1971) and Rozman, Gradjanin & Cankovic (1974) . The infection prevalence of H. corderoi was lower than that obtained for H. itala in this study and considerably below that obtained by Manga-Gonza! lez (1992) studying H. corderoi from various mountain areas in Leo! n province (Spain). Nevertheless, we must point out that the infection prevalence in both species of molluscs could be higher because according to experimental laboratory studies (Gonza! lez-Lanza et al., 1997) the infection is not visible under the stereomicroscope until at least 50 days post-infection. Moreover, in experimental studies carried out under controlled field conditions (unpublished research) the minimum period for detecting the parasite under the stereomicroscope varied between 2 and 9 months p.i. depending on the infection month.
According to our results (Fig. 2) the highest prevalence for H. itala was obtained in September, May and December, while it was in February and March for H. corderoi. This species seem to be very well adapted to the low temperatures. Nevertheless, it is very risky to establish a D. dendriticum transmission model through this species due to the low number of infected specimens found and also due to the lack of publications that could help to interpret our data. There is no unanimity amongst the authors about the dynamics of the mollusc infection, probably due to the different species studied and also the different environmental conditions. So Dementev & Karabaev (1968) recorded the highest infection prevalence in May throughout the year in Ukraine ; Manga-Gonza! lez (1987) observed the highest prevalence in October, December and May in Spain and Schuster & Neumann (1988) found the highest infection prevalence in spring and the lowest in summer with it increasing again in autumn in Germany.
Infection prevalence increased with the age and size of the molluscs (Table 3) , a tendency that had already been observed in field (Manga-Gonza! lez, 1987 and Schuster, 1993) and experimental conditions (Alunda & Rojo, 1983) . The highest H. itala infection prevalence was detected in the young molluscs in September and in the adults in May. These results partially coincide with those obtained by Manga-Gonza! lez (1987) , who recorded the highest infection rate for young of H. itala in October and that for adults in October and May.
On taking our results into account, it seems that the infection rate (Fig. 2) and the degree of development (Fig. 7) of the sporocysts which H. itala hosts did not follow any clear pattern throughout the year or in the different zones and orientations. This could be due to the fact that viable egg ingestion by the molluscs is related to the time in which contamination of the pastures takes place. So, Zone A was grazed by animals between December and April, thus the pasture was contaminated by parasite eggs then. Contamination favours infection of the molluscs as soon as they become active in spring, with a consequent higher infection rate in September, since several months must pass before the infection becomes visible under the stereomicroscope, as previously mentioned. In contrast, livestock graze in zone C between April and December, so pasture contamination and mollusc infection must occur during that period, which explains the infection detected in the adult specimens in the following spring. In zone B livestock graze practically throughout the year, so contamination is continuous, since animals eliminate the eggs uninterruptedly (Manga-Gonza! lez et al. 1991 ; Gonza! lez-Lanza, Manga-Gonza! lez & Del-Pozo, 1993) , although the period of greatest elimination is detected in autumn and, above all, in winter. This meant that infected molluscs were found in almost every month of the year. The exact date when the molluscs were infected is difficult to estimate, but we believe that all the molluscs found infected from the beginning of the year until the end of spring were infected the previous year, although at different times according to the degree of development observed in the parasites. The molluscs that harboured scarcely developed sporocysts from the end of summer until December must have been infected in spring or at the beginning of summer, while those containing sporocysts with well-developed cercariae in the same period could be infected at the beginning of spring or even in the previous year.
The fact that sometimes different developmental stages of the parasites were found in a mollusc at the same time -as had already been observed by Del Rio (1967) and Manga-Gonza! lez (1987) in naturally infected specimens and by Gonza! lez-Lanza et al. (1997) in experimentally infected ones -seems to et al. (1974) (1) l Bradybaena maacki ; (2) l Cochlicopa lubrica ; (3) l Chondrula tridens ; (4) l Napaeopsis hohenackeri ; (5) l Cochlicella barbara ; (6) l Xeropicta derbentina ; (7) l Xeropicta krynickii ; (8) l Monacha (M.) cartusiana. * See the explanation given in Table 1. indicate that either the mollusc was infected at a different time or that larval development of eggs ingested at the same time is diachronic. Molluscs containing sporocysts with well-developed cercariae were found throughout nearly the whole year (Fig. 7) , although the highest percentages were detected in May and October. The highest values of these percentages were observed in April and October by Tverdokhlebov (1970) , in winter and spring by Manga-Gonza! lez (1987) and in spring Dil 'man (1978) (1) l Cataglyphis ; (2) l Formica cunicularia ; (3) l Formica pratensis according to Seifert (1992) . * Collected in tetania.
and autumn by Schuster (1993) . This means that slimeballs could be shed mainly during the mentioned periods. Veselinov (1962) observed that Zebrina detrita shed slimeballs from May to July in Bulgaria ; Hohorst & La$ mmler (1962) detected them in Germany from May to October. The size of D. dendriticum daughter sporocysts from H. corderoi was smaller than that of the specimens of H. itala studied in this paper and in another studied by Manga-Gonza! lez (1987) , possibly due to the smaller size of the H. corderoi specimens.
Ants
According to our results F. cunicularia, F. rufibarbis, F. pratensis and F. sanguinea act as second intermediate hosts of D. dendriticum in the Porma mountain region and F. rufibarbis also in the flat study area. The ant infection prevalence obtained by us (Table 4) and by other authors (Table 8) varied among the different species but mainly due to the type of sampling. So infection of F. pratensis collected directly from the anthills by us was very low (4n05 %) in comparison with that obtained in ants gathered in tetania (100 %) ; the same applied to F. rufibarbis (6n59 % and 95n39 %, respectively). This coincides with what was seen in F. lugubris, F. pratensis and F. polyctena by Jonlija, Milka & Cankovic (1973) and Rozman et al. (1974) .
The fact that not all the ants collected in tetania hosted metacercariae of D. dendriticum in the abdomen could be because not all the brains of the dissected ants were examined. So it cannot be ruled out that they only contained the brainworm (or worms) which alter their behaviour. Non-infection could also be due to some ants not in tetania being collected amongst others in that stage on the same plant. It also has to be considered that infection by the fungus Entomophthora produces behaviour in ants similar to that caused by D. dendriticum, which makes them climb plants and grip them in the same way (Loos-Frank & Zimmermann, 1976) .
The number of D. dendriticum metacercariae per ant found by us and by other authors (Table 5) varied among the different species and even within the same one. This variability could be due to : the time of year, as it is higher in summer (Paraschivescu, Hurghisiu & Popescu, 1976) ; the different affinity of the ant species for slimeballs (Loos-Frank, 1978) ; the type of vegetation and the ant species (Paraschivescu, 1978) ; the size of the abdomen of the different formicidae, greater in those that have a large abdomen (Kalkan, 1976) ; and the different species of ant, the size of each ant -the number of metacercariae in the abdominal cavity of ants is proportional to the amount of space available to them -and, moreover, possibly ecological and behavioural causes (Schuster, 1991) .
We only found one D. dendriticum brainworm in the ventral part of the suboesophageal ganglion of the ant specimens examined, as did Anokhin (1966) in F. pratensis. Hohorst & Graefe (1961) and Hohorst (1962) confirmed the existence of a worm in the suboesophageal ganglion but sometimes in cases of superinfections, up to 2 or 3 metacercariae can be found in the brain of the same ant. Carney (1969) also comments that one, two or three D. dendriticum cercariae without tails cross the craw, arrive at the haemocele and then the suboesophageal ganglion where they encyst. Romig, Lucius & Frank (1980) using histological examination of the ant (F. polyctena and F. rufa) brains observed that most ants infected with D. dendriticum have only one brainworm which settles in the suboesophageal ganglion in 90 % of cases. There the larva was mainly situated in the ventral part in close contact with the origin of the mandibular nerves. These authors also found D. dendriticum larvae in the optic and antennal lobes and between the antennal lobe and the suboesophageal ganglion. Therefore they do not consider it clear whether the alteration in the behaviour of infected ants occurs because of a mechanical influence on the surrounding nerve tissue by the brainworm, since the larva located in the optic lobules or other parts of the brain induces the same changes in behaviour as the brainworm situated in the suboesophageal ganglion. This made them think it more likely that metabolic products influence the nervous system of the ant. The substances could be produced in the brainworm and the metacercariae from a certain stage of maturity. We could not find a cyst wall in the parasite larvae situated in the suboesophageal ganglion, as happened in most of the cerebral stages found by Romig et al. (1980) .
The number of F. pratensis ant specimens in tetania found by us in the area around each anthill (1-9, x. l 5) was slightly lower than that observed by Badie (1979) (x. l 7-8) and much lower than those found by Paraschivescu (1981b) in F. pratensis (2-57) and Spindler, Zahler & Loos-Frank (1986) in F. polyctena (70) . The most frequently occurring position of F. pratensis in tetania, fixed on different plant species around the anthill was head down, coinciding with what was indicated by Badie & Rondelaud (1988) in their studies of F. nigricans (l F. pratensis) and F. cunicularia in France. Spindler et al. (1986) found half of the ants (F. polyctena) on grasses forming a ring around the nest ; most of the others were found up to 3n65 m from the nest, and some up to 14 m. By following the infected ants marked with coloured nail varnish, they observed that the choice of specific plant species as a support depended on relative abundance. Moreover the authors observed that most of the ants (55 %) attached themselves to plants with flowers and mainly preferred the blossoms (74 %). We also observed this, mainly in the numerous specimens of F. rufibarbis collected in the flat area. Paraschivescu (1981a) found ants on plants situated at a distance of one metre from the top of the nest, on different organs, such as the main nerve of the lower face of the foliar limb, on the corolla and on the edge of the limb. Paraschivescu & Raicev (1980) observed that in F. pratensis in tetania there were non-rhythmical movements of legs, gaster and antennae followed by rest periods. They found by marking ants in tetania and the plant parts that some of the ants remain for a longer period of time and return to the same place on the plant, even after 4 days, but others are not constant. The changes in behaviour of the infected ants are mainly regulated by fluctuations in the ambient temperature, due to which the availability of metacercariae to the grazing animals has a circadian rhythm. The tetania of the infected ants normally occurs when solar intensity and temperature decrease at the end of the afternoon and disappears in the morning when insolation and temperature increase. The alteration in ant behaviour favours ingestion of the parasite by the definitive host. We usually observed the greatest number of ants in tetania in the early hours of the morning and late in the afternoon (Fig. 9) , as did most authors. However, on cloudy or warmer days we also detected ants in tetania at the end of the morning and beginning of the afternoon (17-20 mC). These results coincide with what was indicated by Spindler et al. (1986) who once observed that 10 % of the 70 ants which were in tetania at 6n30 (at 4 mC) continued in that condition between 14n00 and 15n00 h, when the highest temperature was reached (17n5 mC). In addition these authors observed that, even in the middle of the day when the temperature was 20n5 mC, new ants arrived and attached themselves. They think that most of the ants attach themselves either at nightfall or (less likely) in the early morning. For Badie et al. (1973) the number of infected ants (F. cunicularia and F. nigricans) fixed to grass increased at low temperatures (9 to 10 mC) and decreased at higher temperatures (about 24 to 26 mC). The highest temperature at which we observed ants in tetania, 26n9 mC in the mountains and 28 mC in the flat area, was higher than that stated by Jonlija et al. (1972) et al. (1974) observed the greatest number in tetania in April. This decreased during the summer and increased again in September. In France, Badie (1975) observed that the maxima obtained in June and August (1973) and in April and September (1974) were preceded by heavy rains. Badie (1978) comments that it is not possible to consider the hypothesis that two welldefined ant infection periods exist because, although he observed infected ants (F. cunicularia and F. nigricans) in tetania between March and November, the infection rate varied with the year and month. The highest number of attached ants was detected in April 1974 , June 1973 , July 1975 and June 1976 . In Russia, Urazbaev & Sumakovich (1981 observed the highest number in tetania between May and July, but considered that the definitive hosts can be infected throughout the grazing season (MaySeptember). In the Republic of Georgia, Chitiashvili (1982) saw ants in tetania between April and June. In Germany, Paraschivescu (1983) mainly observed them in spring and Schuster (1991) collected them April to October.
Parasite transmission to the definitive hosts only occurs at the times when the ants are not hibernating. Nevertheless, the survival of the metacercariae in hibernating ants plays an important role in the epidemiology of dicrocoeliosis. Badie (1978) believes that some of the ants detected in March-April were infected at the end of autumn and during the winter of the previous year. Tarry (1969) states that the metacercariae can remain in the abdomen of the ant for a year or more without affecting its survival and thus the parasite spends the winter and makes the pasture infective again in spring. In our study, specimens of F. rufibarbis collected in the field in tetania survived in the laboratory, kept and fed in artificial nests, for up to 6n5 months, whilst Paraschivescu (1981c) states that the infected ants starve and die near the anthill and the same occurs when they are transferred to the laboratory and kept at room temperature. According to Dementev (1979) none of the ants collected in tetania survived for 25 days. Spindler et al. (1986) stated that the ants do not readily die from starvation and can be kept without food for many days provided that the conditions are moist enough. Wolff (1976) carried out autopsies (50 days after exposure) on a group of ovines, which remained on D. dendriticum-contaminated Swiss pastures, and others from groups kept there for only 19 days, at different times during the grazing season. Wolff suggested that infection occurs continually, although the highest rate was recorded in April -May, due to the ingestion of metacercariae which survived the winter, and the lowest in October.
The size of D. dendriticum encysted metacercariae from F. rufibarbis collected in tetania was similar to that given by other authors for metacercariae extracted from different ant species and the thickness of the cyst wall was, in general, lower (Table 6) . Schuster (1991) calculated the volume of metacercarial cysts and noted that it depended mainly on the burden per ant and the size of the ant, but was not influenced by the species or time of collection. Rosicky & Groschaft (1982) stated that the cyst size depended on the number of encysted metacercariae in the intermediate host. The cyst wall consists of 4 layers : an external fibrous one (0n42 µm thick), a hyaline one (26n66 µm), an internal fibrous one (0n46 µm) and an internal lipoprotein membrane, which immediately surrounds the larvae (Tverdokhlebov, 1984) .
As regards the size of the excysted metacercariae (length 412n80 -624 µm, x. l 510n33 µm ; width 115n20 -201n60 µm, x. l 161n66 µm), the lengths were similar to or slightly under those observed by Klesov & Popova (1959), 426 µm, and Krull & Mapes (1953) , 540 -635 µm, and below those of Fromunda, Popescu & Paraschivescu (1973 ), 758 µm, Paraschivescu et al. (1976 ), 753 µm, and Paraschivescu (1981a , 758 µm. The mean width was above that given by Klesov & Popova (1959) , 80 µm, and slightly above those stated by Paraschivescu et al. (1976) , Fromunda et al. (1973) and Paraschivescu (1981a) , 150, 151 and 151 µm, respectively.
Metacercaria isoenzymatic study
On comparing the results obtained in this paper on the LDH, GPI, PGM and AcP activity in the metacercariae extracted from the abdomen of F. rufibarbis with those recorded by Campo et al. (1998) in D. dendriticum adults, it seems that all the activity bands forming the metacercariae patterns correspond to those of some of the patterns found in the adults. However, in general a more reduced number of activity bands and a lower band intensity were detected in the larval stages than in the adults. This coincides with what was observed by Wright, Rollinson & Goll (1979) who, on comparing the GPI patterns for the adult worms of Schistosoma haematobium, Paramphistomum microbothrium and Echinostoma revolutum with those of their respective larval stages, showed that the same bands of activity were present, although in the second and third species there were some additional bands and in all 3 the greater enzyme concentration in the adult extracts gave more intense patterns.
The activity band repeated in all the LDH models in the metacercariae was that situated at pH 7n08. This coincides with what was observed in the adults (Campo et al. 1998) , although it was generally more intense in the case of the latter. As regards GPI, the common bands in the three models observed in the metacercariae were at pH 6n80 and 6n54, the latter being more intense, for both the metacercariae and the adults. In PGM the band at pH 6n20 was observed in both models obtained in the metacercariae and was also the most repeated and intense in the 5 models of the adults. The AcP bands were observed in the metacercariae in a very narrow pH range between 5n91 and 5n92, except a very weak AcP-1 model situated at 5n86. However, a band at pH 5n70 was always detected in the adults, although it was very weak.
The PGM-2 model is exactly the same in the metacercariae as in the adults and the PGM-1 of the former is differentiated from the PGM-4 of the latter only in the fact that the activity band at pH 6n20 is strong in the adults and very weak in the metacercariae. The GPI-2 model is common to both parasite development stages, except as regards the intensity of the 6n43 band, which is very weak in the metacercariae and strong in the adults.
In the isoenzymatic systems studied different patterns were generally observed in metacercariae extracted from the same ant, from ants from different places and sometimes from those collected in the same place. On the basis of the results obtained, the best enzymatic systems for the characterization of the D. dendriticum metacercariae from F. rufibarbis specimens were LDH, GPI and PGM.
Approach to dicrocoeliosis epidemiology
According to our field and experimental research the following epidemiological model can be deduced. D. dendriticum egg elimination by livestock occurs throughout the year, although the highest elimination takes place at the end of autumn and in winter -when the temperatures are lower. Considering that low temperatures do not affect egg survival, pasture contamination is very high at the end of winter and in spring. This facilitates egg ingestion by the molluscs which start to be active and are very abundant in spring. The molluscs infected at the beginning of this period could shed slimeballs with cercariae at the end of summer and during autumn, whilst those infected later can shed slimeballs the following year beginning in spring, if they survive the harsh winter. Approximately 45 days later the cercariae ingested by ants will have become infected metacercariae for the definitive hosts. This will allow the parasite cycle to be completed when the ants are ingested by ruminants on grazing, during the active period of the ants between March and November. Nevertheless, some infected ants survive hibernation in their nests during the winter and they are responsible for definitive host infection at the beginning of the spring. In the following months and until November, the risk of ruminant infection increases, due to the fact that, together with the above-mentioned ants, others infected by ingestion of the slimeballs shed by the infected molluscs that survive the winter, or by the ones that ingested eggs of the parasite at the end of winter or beginning of spring, will also be available in the pasture.
Therefore, the ingestion of the infective metacercariae (contained in the ants) by the definitive hosts and the number of D. dendriticum adult worms in the liver of the animals increase with the activity period of the ants. As a consequence of this, egg elimination reaches the highest values in January-February, that is, about two months after the last ingestion of the infected ants, before hibernation starts.
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